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Influence of Phosphate and Other Factors on the
Rennin Gel Obtained with Whole Casein and with
k-Casein in the Presence of Calcium Salts

C. A. ZITTLE

Eastern Utilization Research and.Development Division

Abstract

Firm gels are obtained by the action of
rennin on solutions of whole casein (0.5%)
containing caleium chloride (0.010 ) and
sodium phosphate (0.0030 ) ; without the
phosphate, flocculent precipitates are ob-
tained. x-Casein acted on by rennin gives
gels. irrespective of the type. of salts pres-
ent. The phosphate effects gel formation
with whole casein at molar ratios of phos-
phate to caleium chloride as little as 1:24.
Glycerophosphate, substituted phosphate, is
not effective in gel formation nor is the
sulfate ion. Polyphosphate-hexameta (7)
and imidazole prevent or lessen gel forma-
tion, presminably because micelle formation

. is decreased, judged by visual changes in
turbidity. Reduction of gel formation by
sodium chloride (0.05 1) is also indicated
by reduction in micelle formation. It eould
only be concluded that the phosphate-cal-
cium bond, presumably ionie, is no weaker
than the caleium-casein bond. Exposure of
casein solutions to HCI vapors gives gels
characterized by the low pH (1.0) of for-
mation.

Addition of sodium -chloride to whole
casein solutions reduced viscosity; further
addition of calcium chloride reduced vis-
cosity more. The latter is a specific effeet
accompanying micelle formation. «-Casein
alone does not show this effect. Addition of
phosphate to the whole casein caleium-
containing. system does not give the ex-
pected increase in viscosity but a slight
decrease instead, supporting the theory that
the surface of the casein micelle does not
favor caleium-phosphate cross bonds but
that the action of rennin leads to. the ap-
pearance of a reactive surface.

Introduction

The need for phosphate to obtain a firm clot
when rennin acts on casein in the presence of
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cal¢ium salts was first observed by Hammarsten
(1) and also more recently by others (9). Our
studies were undertaken to amplify these obser-
vations and also to determine whether the influ-
ence of phosphate on casein solutions is evident
before clot formation. Comparisons were made
of clots with whole casein and with «-casein.

Materials and Methods

k-Casein was prepared from: pooled milk by
the urea-sulfuric acid method ‘and has been
described (8).

ag-Casein was prepared from pooled milk by
a modified urea procedure (10) followed by a
final purification with ethanol (11).

Whole casein was acid precipitated and was
prineipally - that used in previous experiments
(6).

Viscosity measurements were with an Ostwald
type viscometer in a water bath held at 29.5 C
with flow times with water of about 60 seconds.
Small portions (0.1.or 0.2 ml) of salt solutions
(2.0.m NaCl, 1.0 or 4.0 u CaCly; 0.4 M sodium
phosphate, pH 6.8) were added to 12.0 ml of
the casein solutions.  pH was read after the
salts were added. Ten milliliters of solution
were placed in the viscometer.

Clotting experiments. A stock . solution of
1.09% casein in water, adjusted to pH 7.5 with
NaOH, was usually used. Stock solutions of
0.1 m CaCl, and of 0.1 M Na,HPO, pH 6.8
were used. The final volume for the test was
usually 5.0 mi. Final adjustments of pH were
made with 0.02 ¥ HCI or NaOH so that in com-
parative tests the pH values were identical at
pH 6.2 to 6.4. Tests were done at 25 C or 30 C.
Commercial rennin was added at a weight ratio
of 1:250. Visual observations of clotting behav-
ior were made for several hours and finally at
18 hours.

Results

Rennin clotting of caseins. The influence of
phosphate on the rennin clotting -of solutions of
whole casein containing ecalecium chloride was
determined visually. Results of a comparative



experiment are shown in Figure 1. In this par-
ticular experiment the casein was 0.439%, the
pH 6.4, the CaCl, 0.010 M, and the sodium
phosphate 0.0035 M. Temperature was 25 C.
The results illustrated were obtained 2 hours
after the rennin was added. The gel in the

right tube-was still firm-after 18-hours; whereas-

the flocculent precipitate in the left tube (no
added phosphate) occupied only a small volume
on the bottom and sides of the tube. Casein
solutions of 0.26, 0.68, and 1.36% in similar
experiments yielded comparable results; how-
ever, the gel with 0.269 casein broke when the
tube was inverted. The phosphate concentration
could be varied widely and yet be effective in
gel formation. The phosphate was varied from
0.00042. M to 0.0102 »m (6 levels) in the standard
system deseribed. Firm gels were obtained in
each instance. When the tubes were inverted, the
gel with the lowest phosphate was the first to

F1@. 1. Influence of phosphate on the rennin

clotting of whole casein. Concentration of re-
agents: Casein, 0.43%; CaCl., 0.010 M; Na.HPO,
(in right tube only), 0.0035 M; rennin, 0.1 mg
per 5.8 ml.

break. However, glycerophosphate could not
substitute for phosphate. The closely related
arsenate anion did not give a gel but the preeipi-
tate with rennin remained in suspension. The
divalent sulfate anion -did not yield a gel
Polyphosphate-hexameta (7) could not substi-
tute for- phosphate-in-the: standard: test; the:
polyphosphate (0.02%), however, bound or dis-
placed the Ca** and the solution was almost
water clear, thus producing a system that showed
no visible effects of rennin action. Imidazole
(0.02 M) in a system containing both CaCl,
and phosphate reduced the gel strength. With
imidazole a reduction in micelle formation was
evident by visual observation of relative tur-
bidity.

Since the effect of phosphate on rennin gel-
ling of casein might involve ionic bonds, the
influence of NaCl on the reaction was studied.
Additions of NaCl to the standard test up to
0.035 ¥ had no influence on gel formation or
on micelle formation, judged by no change in
opacity of the calecium ion—containing solutions.
With 0.052 m NaCl the opacity with ecaleium ion
was slightly reduced and gel strength weakened.
With 0.086 m NaCl, opacity was greatly re-
duced ; with 0.173 m NaCl the solution remained
clear; no gels were obtained.

Both a,-casein and B-casein solutions (0.5%)
containing «-casein (1:5) reacted as did whole
casein in the standard test. The solutions con-
taining phosphate gelled with rennin, whereas
the solutions without phosphate flocculated and
adhered to the sides or settled in the tubes.

x-Casein. alone (0.43%) when examined in
the standard test showed little difference between
solutions containing CaCl, alone and those con-
taining the chloride plus phosphate. Both solu-
tions gelled with rennin. The gels were some-
what softer than those with whole casein but
the gel containing phosphate could not be dis-
tinguished from that without. Similar gels
were obtained in water alone (pH 6.0) or with
either phosphate (0.010 3) or NaCl (0.035 ),
thus appearing characteristic of para-«-casein
whatever the salts (with these salts alone no
visual changes occur when rennin acts on whole
casein).

Because of the difference in the clots with
k-casein and whole casein, ag-casein was added
to «-casein solutions containing CaCl, to deter-
mine at what point the transition between gels
and flocculent precipitates occurred when these
mixtures were acted on by rennin. In these
experiments the total protein was 0.6%, but the
ratio of « to a; was varied. With ratios of 1:8
and 1:2 no gel was obtained with CaCl, alone,
but firm gels were obtained when phosphate was



present also. When the «x:ag ratio was 3:1,
soft gels were obtained with CaCly alone, simi-
lar to the x-casein gels, but the gels with phos-
phate were much firmer. ‘

Exposure of casein solutions to HCI vapors
has been reported to give gels. Presumably, the
quiet introduction of the aeid vapor side-steps
coagulation. Gel formation was readily con-
firmed with a solution (1.4%) of whole casein
placed over concentrated HCl in a closed jar.
This was not an isoeleetrie gel since the final pH
was 1.0 Visually the reaction showed a sequence
of steps: streamers of opalescence appeared,
then the liquid became white; next, clearing was
apparent and, finally, the liquid became white
again and the gel was apparent in 30 to 45 min-
utes. These changes probably reflect the drop
in pH with uptake of HCI vapors. The coagu-
lum by stirring the gel was soluble at pH 7.0
but it was not soluble at pH 3.0, at which the
untreated casein was soluble. ~Additions of
CaCl, (0.01 u) or sodium phosphate (0.0033. 1)
had no influence on this type of gel. ay, B- and
«-caseins were given the same treatment. B-
Casein gelled most rapidly, whereas as- and
x-caseins reacted much slower. ag-Casein gave
the firmest gel, whereas the 8- and x-casein gels
‘were. flocculent. :

Previous experiments (14) had indicated that
the volume of the sedimented clot of para-«-
casein from heated «-casein
present) was greater than that from unheated
x-casein. This could not be confirmed with the
purer «-casein now available. Also, x-casein
heated with NaCl, which presumably leads to
aggregation of the heated x-casein (8), showed
no difference from the unheated in clot volume.
The difference between clotting times of heated
and unheated «-casein was less than 20%,
whereas previously (8) -the unheated «-casein
was more than twofold slower.

Viscosity of casein. with various salis. The
influence of salts on the viscosity of whole casein
and «-casein is shown in Figures 2 and 3. So-
dium chloride (0.033 u; doubling this concentra-
tion gave little or no further effect) decreased
viscosity of both caseins by reducing charge
repulsion and elongation of the casein mole-
cules. Calcium chloride has no further effect
on the viscosity of k-casein, but.it does reduce
further the viscosity of “whole casein.  Subse-
quent addition of phosphate had little or no
influence on the viscosity of x-casein but phos-
phate consistently lowered further, to a small
degree, the viscosity of whole casein. A small
difference in the same direction was also obtained
with 0.7% whole -casein- containing- 0.0095 ‘M

- tained with

(caleium chloride

CaCl, compared with the same solution econtain-
ing 0.0032 M sodium phosphate in addition.

The time course of the viscosity changes when
rennin acts on whole casein was studied at pH
6.4, 1.09% concentration, with CaCl, (0.010 M)
alone and with CaCly plus phosphate (0.0030
). In both cases there was an initial drop in
viscosity followed by a rise and clotting, similar
to the curves with easein in milk (3). In no case
were there differences in the general shape of
the curve that could be attributed to the phos-
phate. Clotting was faster in the presence of
phosphate. Similar viscosity curves were ob-
«-casein (0.5%) with CaCl, and
with CaCl, plus phosphate.

Discussion

Tirm gels were readily obtained by the action
of rennin on 0.43% whole casein at pH 6.4 with
0.010 1 CaCl, and 0.0035 3 phosphate. With-
out phosphate flocculent precipitates were ob-
tained instead of gels. The contribution of
CaCl, to this system is by way of micelle for-
mation. Without CaCly the solutions are water
clear and the action of rennin produces no visi-
ble changes. Even with 0.0033 m CaCly the
solutions are only faintly opalescent and there
is little evidence of rennin action; with 0.0067
1 CaCl, the solutions are strongly opalescent
but no gel is obtained. With 0.010 CaCly
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F1g. 2. Influence of salts on the specific vis-
cosity of 1.2% solutions of whole casein at various
pH values at 29.5 C. O Viscosity with no added
salts; ® viscosity with 0.033 M NaCl present;
A viseosity with 0.016 or 0.033 M CaCls in addi-
tion to NaCl; A viscosity with 0.0064 M NaHPO.
in addition to 0.016 M CaCl; and NaClL
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F1a. 3. Influence of salts on the specific ‘viscosity of 0.45% solutions of k-casein at various pH

values at 29.5 C. O Viscosity with no added salts;
with 0.016 M CaCl; in addition to NaCl; A viscosi

and NaCl

the solutions are white and firm gels are ob-
tained. Maximum micelle formation, mediated
by CaCl,, must be obtained for the gel-forming
properties of phosphate to be evident.

The contribution of the casein is direct. When
the concentration is decreased to 0.26%, gels
are obtained but they are much weaker and
break when the tubes are inverted.

The phosphate effected gel formation from
0.00042 to 0.0102 m, with molar ratios of phos-
phate to CaCly of 1:24 to 1:1. At the lowest
concentration of phosphate the gels, although
formed, were not as strong as at the highest
concentrations. A substituted phosphate, glye-
erophosphate, was not effective in gel forma-
tion. Although esterification of orthophosphate
leads to increased acid strength of the primary
and secondary acid groups (5), the change in
aeid strength is probably not the responsible
factor. It is more likely that the substituted
glycerol group sterieally hinders the phosphate-
caleium bonding. Polyphosphate (7 ) prevented
micelle formation, presumably by binding Ca*+;
therefore, the influence on gel formation ecould
not be determined. Imidazole (0.02 M) weak-
ened gel strength but again a reduction in micelle
formation was apparent. This may have been
from eompetition with the caleium ions, already
noted (8), since the solutions were less opales-
cent than with CaCly alone.

@ viscosity with 0.033 ¥ NaCl present; A viscosity

ty with 0.0068 u N2,HPO,. in addition to CaCls

Because of the probable ionic nature of the-
phosphate effect, the influence of NaCl on this
was determined. Unfortunately, the NaCl ef-
fected micelle formation, judged by reduction
in turbidity, before any effect on the phosphate
gel formation was noted. Accordingly, it could
only be concluded that the phosphate-calcium
bond was no weaker than the calcium-casein
bond.

The lack of influence of ealeium and phos-
phate ions on the whole casein gel by HCI va-
pors is not surprising, since they are not bound
to the caseins at an acidic pH (13).

The weak gels formed when rennin acts on
x-casein are developed independently of the kind
of salt. This suggests that formation of these
gels is an inherent property of the «-casein
that becomes manifest when transformed to
para-«-casein which cross-bonds to form the gels.
Presumably, salts strengthen the gels by redue-
ing electrostatic repulsion.

The lack of a specific phosphate effect with
k-casein compared with whole casein, taken with
the inability to demonstrate a phosphate cross-
bonding by viscosity measurements before ren-
nin aets, suggests that the action of rennin on

" the casein micelle produces or exposes a phos-

phate reactive component. The action of rennin
on «-casein, if it is on the surface of the micelle,
could lead, by the physical removal of the



glycomacropeptide area or by formation of a
network of strands of para-«-casein, to the ex-
posure of a surface, presumably a,- or B-casein,
permitting ealeium-phosphate eross-bonding and
a firm gel structure. An alternative explanation
(I am indebted to Dr. Richard M. Parry, Jr.,

for this suggestion) for the specific phosphate

effect arises from the cationie nature of the
para-«-casein. Separation of the acidic glyco-
macropeptide from the micelle, already essen-
tially isoelectric becouse of bound caleium ions,
could inerease the positive charge sueh that a
cross bond of phosphate-caleium-phosphate could
arise. This could also occur through hydropho-
bic association of a para-«-casein aggregate to
the micelle and this weak positively charged area
would give rise to phosphate-calcium salt bridges.

The reduction of viscosity of casein solutions
by NaCl is well known (2, 4, 12) and can be
attributed to the decrease of electrostatic charge
repulsion within the molecule. - The influence of
the calcium ion, however, is a specific effect lead-
ing to micelle formation and concomitant redue-

tion in viseosity. The parallel changes in both

micelle formation and viscosity indicate that the
micelles are more compact structures than the
unaggregated molecules. That addition of phos-
sphate does not increase viseosity supports the
‘aforementioned theory that the surface of the
micelle does not favor caleium-phosphate eross
bonds but that the action of renninleads to
the appearance of a reactive surface. The slight
reduction in viscosity with phosphate suggests
that the ealeium-produced casein micelle becames
more compact on the addition of phosphate.
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